Introduction
Since the 1970s and the 1980s, human diets have been changing from raw, unprocessed foods and traditional dishes to an increasing intake of ultra-processed food and beverages 1 . Advances in food science and technology and globalized food distribution 2 have made these foods more accessible and convenient at relatively low prices 3, 4 .
Industrial processing creates food products with ingredients and food additives to enhance flavor, increase durability and contribute to the consumer's convenience. However, these food products have more calories, higher glycemic indexes, more trans fats, sugars, and sodium, also being lower in fiber, micronutrients, and phytochemicals 5, 6, 7 . There is growing evidence that the increased consumption of ultra-processed foods is associated with overweight 5, 8 , obesity 9, 10 and chronic diseases 5, 11, 12, 13 , including diabetes 14 .
Despite the consumption of ultra-processed foods being higher in high income countries, it has been growing both in relative and absolute terms 15, 16 in high and middle-income countries, especially in the latter 8 . In Brazil, household purchases of ultra-processed food represented 18.7%, 21%, 26.1%, and 29.6% of all food purchases in four successive surveys (1987-1988, 1995-1996, 2002-2003, and 2008-2009, respectively) . In the last two periods, ultra-processed food purchases were higher among higher income classes, but have increased in all income groups, mainly among those of lower income 17 .
There are several studies on the health outcomes of social disparities 18, 19 , indicating its influence on health-related behaviors such as diets; in fact, it has been reported that people with higher socioeconomic status generally have a healthier dietary pattern 20, 21 . However, we only identified one study on the association between diet quality (measured by the degree of food processing) and per capita monthly income, whose results go in opposite directions 17 ; despite that, it is unknown whether it would be possible to observe this variation with other socioeconomic indicators. Therefore, this study aims at exploring socioeconomic inequalities in the consumption of ultra-processed foods in a cohort of Brazilian workers.
We investigated the association between socioeconomic position indicators and consumption of ultra-processed foods among participants of the Brazilian Longitudinal Study of Adult Health (ELSABrasil). Additionally, we estimated the contribution of unprocessed or minimally processed foods and processed culinary ingredients, processed foods, and ultra-processed foods to the participants' mean daily dietary intake.
Methods

Study population
This cross-sectional study used data from the ELSA-Brasil collected between 2008 and 2010. ELSABrasil is a multicenter cohort study designed to investigate the incidence and progression of diabetes and cardiovascular diseases and their biological, behavioral, environmental, occupational, and psychosocial determinants in Brazilian adults. The ELSA-Brasil cohort consists of 15,105 actives and retired civil servants aged 35-74 years from six higher education institutions in six cities from the South, Southeast, and Northeast regions of Brazil. Data was collected via face-to-face interviews by trained and certified professionals, using standardized and validated questionnaires 22 . Detailed information on the ELSA-Brasil cohort profile can be found in Schmidt et al. 23 . ELSA-Brasil was approved by the Research Ethics Committees from the six participating institutions and all participants provided written consents to participate in the study (approval n. 189/2006).
ELSA-Brasil participants with missing data for dietary intake (n = 36), whose total calorie intake (kcal/day) was below the 1 st percentile (1,146.3kcal/day, n = 150) and above the 99 th percentile (7, 176 .9kcal/day, n = 151), due to possible underreporting or overreporting of dietary intake, and participants with missing data for occupational social class (n = 238), per capita household income (n = 50), who reported having undergone bariatric surgery (n = 102) (which could result in consequent reductions in dietary intake) were excluded from the analyses, totaling 727 participants. Thus, the final the study population comprised 14,378 participants.
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Study variables
Dietary intake was assessed using a one-year, semi-quantitative 114-item food frequency questionnaire (FFQ). The FFQ used showed satisfactory reliability for all nutrients and reasonable relative validity for energy and macronutrients 24, 25 .
Energy values of foods in the FFQ were estimated based on the formula: amount of servings consumed per occasion x weight/serving size x daily intake frequency x nutritional composition of the food serving. The nutritional composition of food items was determined using the Nutrition Data System for Research (NDSR; http://www.ncc.umn.edu/products/) software of the University of Minnesota and the Brazilian Food Composition Table (TACO) of the University of Campinas (UNICAMP) 24 .
Food items on the FFQ were assigned to four groups according to the NOVA food classification proposed by Monteiro et al. 14 , which is based on the nature, extent, and purpose of industrial food processing: unprocessed or minimally processed foods and processed culinary ingredients, processed foods, and ultra-processed foods. In this study, processed culinary ingredients were grouped with unprocessed or minimally processed foods. The food items classification from ELSA-Brasil's FFQ is presented in Table 1 .
The contribution percentage of each food group (unprocessed or minimally processed foods and processed culinary ingredients, processed foods, and ultra-processed foods) was calculated for total calorie intake. The contribution percentage of ultra-processed foods was treated as a continuous variable and used as a response variable.
In the FFQ administered in this study, bread roll, white bread, pita bread, and toasted bread were being considered a single food item. However, according to the classification proposed by Monteiro et al. 14 , bread roll is classified as a processed food, whereas the other bread types are classified as ultraprocessed foods. Thus, we estimated the caloric contribution of bread rolls separately from that of other bread types, using the bread roll caloric contribution reported by the Brazilian Household Budget Survey 2008-2009 for people aged 35-74 years from the South, Southeast, and Northeast regions of Brazil, and incorporated its calories into the caloric contribution of processed foods. Similarly, we incorporated the calories of other bread types into ultra-processed foods.
Socioeconomic position indicators
Education was based on the answer to the question "What is the highest level of education you have completed?", participants were assigned to the following education levels: incomplete elementary school, complete elementary school, who attended high school, graduate and postgraduate degrees. Per capita household income was expressed in quintiles of study group distribution. The occupational social class was defined based on the socioeconomic status of the participant's current job. The socioeconomic status of a job is a measure obtained when comparing the expected and the observed educational and income levels of a job, according to the Brazilian occupational matrix 26 from 2008 to 2010. The resulting socioeconomic status measurements were grouped into seven strata to achieve a minimum intra-stratum variance and a maximum variation between the strata. The seven occupational social class groups were subsequently named as it follows: "high-upper", "high-low", "middleupper", "middle-middle", "middle-low", "low-high" and "low-low" 27 . For the current analysis, the strata were grouped into the following groups: high (upper-high + upper-low), middle (upper-middle + middle-middle), lower-middle, lower-high, and lower-low.
These indicators were chosen because each of them provide a partial view of socioeconomic inequalities and food patterns. For instance, education level can contribute to food choices 28, 29 , either by providing more access to information or by being indirectly associated with more highly qualified occupations and higher wages 28 . Income directly measures the material resources available to be used as health resources, such as food choices 30, 31 . The occupational social status can influence people's diet, through eating habits shared in the workplace, in social networks, and through cultural aspects regarding their occupation 29, 32 .
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Adjustment variables
The variables age group (35-44, 45-54, 55-64, 65-74 years) and sex were also included in the analysis. These variables were considered as adjustment factors because the consumption of ultra-processed foods ranges according to sociodemographic levels.
Statistical analysis
The caloric contribution percentage of each food group (unprocessed or minimally processed foods and processed culinary ingredients, processed foods, and ultra-processed foods) and of the most consumed foods from each group were calculated for total calorie intake. The mean (interquartile range) of the contribution percentage of ultra-processed foods was calculated according to each explanatory variable. Differences in mean caloric contribution of ultra-processed foods across explanatory variables were compared using the Kruskal-Wallis test. Generalized linear models (GLM) with gamma distribution and logarithmic link function were used to estimate the strength of the association between socioeconomic status indicators and consumption of ultra-processed foods. The results are presented as arithmetic mean ratios (AMR) and 95% confidence intervals (95%CI), which are exponential regression coefficients 33 .
We performed separated models for each socioeconomic position indicator: education, per capita household income, and occupational social class. First, we estimated the crude models, which were then adjusted for sex and age. All variables associated with the response variable at p < 0.2 in univariable analysis were included in multiple regression models and retained in the final model when associated with the response variable at p < 0.05. Final models were adjusted using the the Pearson's statistical test. All analyses were performed using the software Stata 12.0 (StataCorp LP, College Station, USA).
Results
From 14,378 participants, 39.4% were aged between 45 and 54 years, most were women and selfreportedly white, 36.6% had a postgraduate degree, 33.6% were part of high occupational social classes, and 15.2% were in the lower-low occupational social class ( Table 2 ). The mean of per capita household income was BRL 1,742.3 ± 1,431.
The mean for total calorie intake was 2,945 ± 1,084kcal/day, 1,146-7,164kcal/day. Unprocessed or minimally processed foods and processed culinary ingredients contributed to nearly two-thirds (65.7%) of the total calorie intake, followed by ultra-processed foods (22.7%), and processed foods (11.6%). Fruits, rice, red meat and derivatives, and poultry contributed with more than 30% of total caloric intake. Bread roll (9%) was the one that contributed with most calories among processed foods, followed by white cheeses and yellow cheeses. The most common ultra-processed foods in terms of caloric contribution were ultra-processed-bread (3.8%), treats (3.1%), followed by cakes and biscuits, pizza and snacks, soft drinks and processed or artificial juices (Table 3) .
Percentage caloric contribution of ultra-processed foods
The mean caloric contribution percentage of ultra-processed foods decreased with age and was higher among female. In addition, the mean caloric contribution percentage of ultra-processed foods gradually decreased as the education level was higher, having the lowest value in participants with incomplete elementary school; it also decreased according to higher levels of per capita household income. Mean caloric contribution percentage was lower in lower-low and lower-high occupational social classes (Table 4 ).
In the multiple regression analysis (Table 5 ), compared to those with postgraduate degree, the arithmetic mean of caloric contribution percentage of ultra-processed foods was 4%, 12%, 16% and 20% lower among participants with university degree, who had completed high school and elementary school, and who had not complete elementary school, respectively. The mean caloric contribution percentage of ultra-processed foods was 5%, 10%, 15%, and 20% lower among participants from the lowest four income quintiles (4 th , 3 rd , 2 nd , 1 st ), respectively, compared to those from the upper income quintile (5 th ). Compared to individuals from high occupational social classes, the mean caloric contribution percentages of ultra-processed foods was 7%, 12%, 12%, and 17% lower among middle, lower-middle, lower-high, and lower-low occupational social classes, respectively. All the associations suggest a dose-response gradient.
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Discussion
In this study, unprocessed or minimally processed foods and processed culinary ingredients, such as fruits, rice, meat, and beans contributed with two-thirds of people's total daily calorie intake, while ultra-processed foods contributed with more than one-fifth. Additionally, participants with worse socioeconomic indicators (education, income, and occupational social class) reported a lower caloric contribution from ultra-processed foods with indication of a dose-response relationship in the associations. The overall contributions of unprocessed or minimally processed foods and processed culinary ingredients, processed foods, and ultra-processed foods to total calorie intake observed in this study are similar to the findings reported for Brazilians with 10 or more years old living in urban and rural areas from 2008 to 2009. It is worth to highlight that this study collected dietary information on the Brazilian population in two dietary recall interviews on nonconsecutive days 34 , whereas, in the current study, participants completed a single FFQ, which is a more adequate dietary pattern measure 35 . Ultra-processed foods contributed with more one-fifth of the mean total calories consumed by both ELSA-Brasil participants and the urban and rural population of Brazil, a lower proportion compared to the one observed for the US population over one year of age (~60%) 36 , and lower proportion compared to the contribution of ultra-processed foods to the total of purchased food for home consumption in Chile and Canada (> 50%) 8, 37 . Variations in age-ranges and survey methods among the compared countries and this cohort might account for part of the largely observed differences, but are unlikely to be the main cause of them. We suppose that the strong Brazilian food culture may influence the higher contribution of unprocessed or minimally processed foods, and processed culinary ingredients, and the lower contribution of processed and ultra-processed foods in the diet of the participants of this study, and also the results from the comparison between the Brazilian population diet and the developed countries diet 38 . Table 3 Caloric contribution percentage of main unprocessed or minimally processed and processed culinary ingredients, processed foods and ultra-processed foods. ELSA-Brasil (2008-2010).
Groups of food/Consumable items Total energy consumption (%)
Unprocessed or minimally processed foods + processed culinary ingredients 65. Our results differ from other studies that have shown that worse socioeconomic position indicators such as education, per capita household income, and occupational social class, often influence the increased consumption of specific ultra-processed foods, such as pies, sausages, pastries, ice cream 39 soft drinks 40, 41 , energy drinks, and processed juices 41 . Low socioeconomic position has been associated with increased consumption of food such as pasta, fried foods, sugar and fat, whereas high socioeconomic position has been associated with increased consumption of whole grains, lean meats, fish, low-fat dairy products, and fresh fruits and vegetables 28, 42 . However, other aspects such as the typical food culture of different societies may also affect this. In countries where fruits and vegetables are a major part of the diet such as Greece, Portugal, and Spain, people with lower socioeconomic position usually consume more fruits and vegetables than people with higher socioeconomic position 43 . It is important to note that the process of choosing, purchasing, and consuming foods is driven by a complex combination of biological, social, and cultural interactions 31, 44, 45, 46 . The determinants of dietary intake include individual characteristics such as nutritional knowledge and structural factors such as access points of purchase and food prices 47, 48 .
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ELSA-Brasil (2008-2010).
Percentage caloric contribution of ultra-processed foods (kcal/day) Our findings were similar to previous analyses that showed that higher per capita household income was associated with a higher contribution of ultra-processed foods to total food purchased by Brazilian households 17 . However, there were methodological differences between this study and the study by Martins et al. 17 , for example: (1) estimates of food consumption based on food purchase are not the same as those based on the food frequency questionnaire; (2) the age range of the latter was wider (≥ 18 years) than that of ELSA-Brasil (35-74 years); and (3) the range of the Brazilian households income is much higher than the one used in this study, but our results point in the same direction.
To verify the consistency of the associations between socioeconomic position and consumption of ultra-processed foods, we have explored the association of ultra-processed food with different socioeconomic position indicators in our analysis. We did this because each socioeconomic position indicator has its own specificity, in spite of being highly correlated with each other. For instance, educational level influences the occupation and together they can determine the level of income 49 . The Spearman correlation (data not shown) between the socioeconomic position indicators used ranged from 56% to 76% (p < 0.001), a medium to high correlation. Simultaneous adjustment for the socioeconomic position indicators could violate the multicollinearity assumption and consequently lead to an underestimation of the estimated coefficients 50 .
Cad. Saúde Pública 2018; 34(3):e00019717 Table 5 Association between socioeconomic position indicators and caloric contribution percentage of ultra-processed foods. Even though eating patterns in Brazil have been strongly influenced by the food industry in the last twenty years 31, 51 , ultra-processed foods still have higher added value than less processed foods in the country 52, 53 . Unlike the United Kingdom, where the cost of ultra-processed foods is on average 13% lower than the cost of unprocessed or minimally processed foods and processed foods together, ultra-processed foods are about 52% more expensive than both food groups in Brazil 54 . In addition, we believe that declining the prices of ultra-processed foods in Brazil would probably promote an increase in consumption among the poorer classes. The purchase of ultra-processed foods over the 2002/2003-2008/2009 period increased more among lower-income families than among higherincome families 17 .
ELSA-
The strengths of this study include the analysis of individual food intake in a cohort of adults from different regions of Brazil using a validated food frequency questionnaire to measure food consumption over a 12-month period 24, 25 . Reverse causality should not be a limitation to address the associations found, because consumption of ultra-processed foods is unlikely to lead to higher socioeconomic position. One limitation of the study is our reliance on a FFQ containing more than 100 food items, as this may lead to overreporting 55 . Furthermore, the FFQ is not appropriate to report dietary intake according to the degree of food processing, which limited our ability and accuracy to classify some food items. In addition, the classification of foods according to processing level is new and susceptible to future updates and changes. This study included participants from six Brazilian states with stable jobs and higher education level and income than the Brazilian population.
